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Abstract 
 
Background 
Despite her apparent economic success, India is plagued by 
a high burden of under-nutrition among children under five. 
This  study  was  aimed  at  understanding  some  of  the  risk 
factors  for  under-nutrition  in  a  region  with  favourable 
maternal and child health indicators. 
Method  
A case control study was carried out among children aged 
one  to  five  years  attending  the  paediatric  outpatient 
department in six rural health care centres in Udupi taluk of 
Karnataka in Southern India. A total of 162 children were 
included  in  the  study,  of  which  56  were  cases.  A  semi-
structured  questionnaire  was  used  to  interview  the 
caregivers  of  the  children  and  the  nutritional  status  was 
graded according to the Indian Academy of Paediatrics (IAP) 
grading of protein-energy malnutrition. 
Results  
Under-nutrition was associated with illness in the last one 
month [OR- 4.78 (CI: 1.83 -12.45)], feeding diluted milk [OR- 
14.26 (CI: 4.65 – 43.68)] and having more than two children 
with a birth interval < 2 years [OR- 4.93 (CI: 1.78 – 13.61)]. 
Lack of exclusive breast feeding, level of education of the 
caregiver and environmental factors like source of water did 
not have an association. 
Conclusion 
Childhood illness, short birth interval and consumption of 
diluted  milk  were  some  of  the  significant  contributory 
factors  noted  among  this  population.  Information, 
Education, Communication (IEC) campaigns alleviating food 
fads and promoting birth spacing is needed.  
Key words  
Under-nutrition,  childhood  illness,  breast  feeding,  birth 
interval, food fads 
 
What this study adds 
Despite favourable health indicators, poor feeding practices 
and improper birth spacing prevail and these need to be 
tackled  in  a  regionally  sensitive  manner  to  prevent  the 
problem of under-nutrition. 
 
 
Background 
Under-nutrition  is  one  of  the  most  common  causes  of 
morbidity  and  mortality  among  children  throughout  the 
world,  more  so  in  developing  nations.
1  Being  a  major 
burden of ill health, it has been accountable for 60% of the 
10.9  million  deaths  that  occur  annually  among  children 
under five years of age.
2 Data from UNICEF states that the 
highest level of underweight children is found in South Asia, 
involving 46% of all under-fives in the region.
3  
 
Under-nutrition continues to be a public health problem in 
India.  With  a  prevalence  of  43.5%  in  children  under  five 
years,  it  is  observed  to  be  amongst  the  highest  in  the 
world.
4  In  this  age  group  46%  of  children  are  reported 
stunted, 47% underweight and 16% wasted.
5 There is also a 
wide disparity in the prevalence of under-nutrition amidst 
the  states  of  India,  ranging  from  high  (55%)  to  relatively 
lower (27%).
5  
 
Udupi taluk of coastal Karnataka in South India is a region 
with  favourable  health  indicators.
6  Child  under-nutrition, 
however,  is  an  enduring  problem.  This  study  aimed  to 
determine and analyse the prevailing risk factors leading to 
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under-nutrition in children between one to five years in this 
region. 
 
Method 
An  unmatched  case  control  study  was  carried  out  after 
obtaining  ethical  clearance  from  the  Institutional  Ethics 
Committee  (IEC),  Kasturba  Hospital,  Manipal,  Manipal 
University. Study participants were children in the one to 
five year age group attending the under-five clinics at the 
rural healthcare centres under the aegis of a tertiary care 
medical school in the area. Cases were children in the one 
to  five  year  age  group  with  weight  for  age  <80%  of  the 
expected and not suffering from any chronic/severe illness. 
Controls were healthy children in the same age group with 
weight for age >80% of the expected. The nutritional status 
was graded as per the Indian Academy of Paediatrics (IAP) 
grading of protein energy malnutrition (PEM).
7  
 
A semi-structured questionnaire was used to interview the 
caregivers  of  the  study  population.  An  informed  consent 
was  obtained  prior  to  the  interview.  The  respondents’ 
socioeconomic status (SES) was assessed using a validated 
scale (Uday Pareekh).
8 Details pertaining to child’s growth, 
development and feeding practices were obtained using the 
questionnaire.  Anthropometric  measurements  were 
computed  using  standard  instruments.  Weight  was 
recorded using a standard weighing scale, kept on a firm 
horizontal  surface  to  the  nearest  500gm.  Height  was 
recorded using a mobile stadiometer to the nearest 1 cm.  
 
Lack of exclusive breast feeding until six months was the risk 
factor considered, with an expected exposure of 23% in the 
controls
9  and  an  anticipated  Odds  Ratio  (OR)  of  three. 
Accordingly, the calculated minimum number of cases was 
46 for a power of 80% and 5% level of significance. With a 
1:2 allocation ratio the required number of controls were 
92; thus a total of 162 individuals were included into the 
study, of which 56 were cases. 
 
The  data  collected  was  tabulated  and  analysed  using 
Statistical Package for Social Sciences (SPSS) version 15 for 
windows  (SPSS  South  Asia,  Bangalore).  The  findings  were 
described in terms of proportion along with 95% confidence 
interval (CI). Risk was estimated using odds ratio with 95% 
CI. Multivariable logistic regression was used to identify the 
risk factors for under nutrition. Adjusted odds ratios with 
95% CI were reported. 
 
Results 
The demographic features of the study population are as 
illustrated in Table 1. A total of 56 cases and 106 controls 
were recruited into the study. There was an almost equal 
distribution among the cases controls with regards to traits 
such as age, gender and family type. Most of the cases (47) 
presented  with  Grade  I  and  only  one  child  was  noted  to 
have Grade III malnutrition. 
 
Table  1:  Demographic  characteristics  of  the  study 
population 
N=162 
Demographic 
Characteristics 
Cases N (%)  Controls  N 
(%) 
Age Distribution 
1 to 3 
>3 to 5 
 
46 (82.1) 
10 (17.9) 
 
94 (88.7) 
12 (11.3) 
Gender 
Male 
Female 
 
30 (53.6) 
26 (46.4) 
 
55 (51.9) 
51 (48.1) 
Family Type 
Joint 
Nuclear 
 
29 (51.8) 
27 (48.2) 
 
62 (58.5) 
44 (41.5) 
Father’s occupation 
Professional/skilled 
Labourer/unemployed 
 
38 (67.9) 
18 (32.1) 
 
94 (88.7) 
12 (11.3) 
Socioeconomic status 
Middle/high 
Low 
 
38 (67.9) 
18 (32.1) 
 
86 (81.1) 
20 (18.1) 
Interval between birth of 
two siblings 
Only one child 
> 2 years 
</= 2 years 
 
 
0 (0) 
31 (55.4) 
25 (44.6) 
 
 
35 (33) 
59 (55.7) 
12 (11.3) 
 
The majority of the respondents were mothers who were 
educated  up  to  high  school  and  beyond  (94%)  and  were 
housewives. There was a slight preponderance of employed 
mothers among cases (30%) in comparison to the controls 
(18%).  Short  birth  interval  of  <  2  years  was  seen  more 
among the cases as compared to the controls. Largely, the 
cases  (82%)  in  the  study  population  had  suffered  from 
illness in the past one month, either in the form of acute 
respiratory tract infection (ARI) or acute diarrhoeal disease 
(ADD). 
 
Risk  factors  for  under-nutrition:  As  the  risk  factors  for 
under-nutrition  are  multipronged,  we  did  a  univariate 
analysis of these factors under various categories. A logistic 
regression  was  then  carried  out  to  adjust  for  the 
confounders  and  identify  the  factors  that  were  truly 
associated. 
 
Socio-demographic  determinants:  Socioeconomic  status, 
family type and occupation of the parents were the factors  Australasian Medical Journal [AMJ 2012, 5, 3, 163-167] 
 
 
165 
focused  in  this  criterion.  The  only  statistically  significant 
association  was  father’s  occupation.  A  child  who  was 
malnourished was three times at risk of having a father who 
was either a labourer or unemployed [OR = 3.71 (CI 1.63 – 
8.4) p < 0.01].  
 
Infant feeding practices: Factors such as initiation of breast 
feeding after 24 hours of delivery, exclusive breast feeding 
for less than six months and continuing to breastfeed after 
one year of age failed to show any association. Interestingly, 
consumption  of  diluted  milk  was  associated  with  an 
increased risk [OR = 17.33 (CI 6.33 – 47.45) p < 0.01]. 
 
Child-related  factors:  All  the  factors  studied  under  this 
category showed a significant association. Birth interval < 2 
years was a significant predictive factor just as birth weight 
< 2.5Kg. A malnourished child was noted to have a six times 
risk of having suffered from either ARI or ADD in the last 
one  month.  Likewise,  children  with  siblings  were  at  an 
increased risk of under-nutrition. 
 
Most  of  the  unimmunised  children  belonged  to  the  case 
group  and  this  factor  was  found  to  have  a  significant 
association  with  under-nutrition in the univariate analysis 
[OR- 10.294 (CI: 1.172-90.424)].  
 
A logistic regression analysis reiterated the association of 
factors such as low birth weight, feeding either diluted milk 
or absence of milk in the diet and having suffered an illness 
in  the  last  one  month  with  under-nutrition.  Having  more 
than  two  children  with  a  birth  interval  of  <  2  years  was 
another significant factor observed to have an association. 
This is illustrated by the adjusted OR in Table 2. 
 
Discussion 
The  study  population  was  predominantly  rural  and  the 
factors identified corroborate this setting. However, there 
was  no  significant  association  noted  with  low 
socioeconomic  status  as  was  the  case  in  other  rural 
settings.
2, 10, 12 Poor family income is another factor that has 
been found to be a significant predictor for under-nutrition 
in studies done in some parts of Africa and India.
13-16 This 
study shows a similar trend in that the father’s occupation is 
significantly associated with the outcome. This is because 
unemployment and low income deprives them of the means 
to provide quality foods to their family.  
 
Various studies
17-19 have shown that having a large family 
size  can  be  a  risk  factor  for  severe  under-nutrition.  Our 
study showed that having siblings is in itself a risk factor for 
under-nutrition.  Contrary to some African studies
2, 20 that 
found  a  positive  association  between  mothers’  education 
and  under-nutrition  of  their  children,  we  were  unable  to 
appreciate this association as maternal literacy is over 80% 
in this population.  
 
Table 2:  Risk factors for under-nutrition      
N= 162 
 
Factors 
Cases 
 N (%) 
(56) 
Controls 
N (%) 
(106) 
OR  
(95% CI) 
Adjusted 
OR  
(95% CI) 
Low  Birth 
Weight (LBW) 
14 (25)  6 (5.7) 
5.55 
(1.99-            
15.43)* 
3.66 
(0.99, 
13.53) 
Illness  in  the 
last one month 
46 
(82.1) 
44 (41.5) 
6.48 
(2.95-           
14.21)* 
4.78 
(1.83, 
12.45)* 
Birth Interval 
 <  2 years 
25 
(44.6) 
12 (16.9) 
3.96 
(1.75-           
8.95)* 
 
Having  more 
than one child 
42 (75)  44 (41.5)  4.22 
(2.06-       
8.66)* 
 
Interaction  of 
having  >  2 
children  with 
birth  interval  <  
2 years 
25 
(44.6) 
12(11.3)  6.31 
(2.84, 
14.05)* 
4.93 
(1.78, 
13.61) 
Milk in the diet 
    Undiluted 
     
    Diluted 
     
 
      
      No 
 
05(8.9) 
 
48(85.7) 
 
 
 
03(5.3) 
 
65(61.3) 
 
36(33.9) 
 
 
 
05(4.7) 
 
1 
 
17.33 
(6.33, 
47.45)* 
 
7.80 
(1.53, 
17.97)* 
 
1 
 
14.26 
(4.65, 
43.68)* 
 
11.75 
(1.80, 
76.37) 
* Signifies P < 0.01 
Our study showed a protective effect of breast feeding for 
more than one year [OR-0.938 (CI: 0.489-1.798)] which was, 
however, not significant.  Studies
9, 21 have shown that early 
cessation of breastfeeding is a risk factor for severe under-
nutrition.  However  a  study  in  Uganda
10  showed  that 
children  who  were  breastfed  for  prolonged  periods  (>18 
months and up to 24 months) had a greater incidence of 
stunting.  
 
Feeding  diluted  milk  to  children,  which  is  a  norm  in  this 
region,  was  found  to  have  significant  association  with 
undernourishment.  This  brings  to  light  the  importance  of 
including undiluted wholesome milk in the diet of under- 
five children. Various types of food consumed by children 
such as local fast food including chips, mixture, cake, and  Australasian Medical Journal [AMJ 2012, 5, 3, 163-167] 
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biscuits did not have any association with the presence of 
under nutrition.  
 
This  study  showed  an  increased  likelihood  of  recent 
infections (30 days preceding the interview) among those 
children  with  under-nutrition  (Table  2).  This  is  consistent 
with  the  findings  of  Kikafunda  et  al
10  who  showed  high 
prevalence  of  current  infection  among  those  who  were 
malnourished. The study suggested that the malnourished 
children had a higher incidence of infections due to poor 
immune factors as a result of inadequate nutrition. Similar 
findings were also observed by Shailen et al.
22  
 
Association  of  low  birth  weight  with  under-nutrition  is 
consistent  with  other  studies  which  showed  low  birth 
weight to be a significant predictor of PEM.
23 The study by 
Odunaya et al
13 showed that if the average interval between 
births  is  >3  years,  the  prevalence  of  undernourished 
children would be reduced. This has been reinforced in our 
study, which showed that if the birth interval was ≤2 years, 
there  was  a  significant  association  with  under-nutrition 
(Table 2). Inadequate birth spacing has been incriminated as 
a risk factor for malnutrition in several studies.
2,  13,  17-19 In 
our  study  we  observed  that  irrespective  of  birth  spacing 
under-nutrition was more likely in those with siblings.  
 
Immunisation  is  an  essential  intervention  to  prevent 
childhood  infections  and  consequent  under-nutrition.  The 
unimmunised children in this study primarily belonged to 
the migrant population who form the lower socioeconomic 
strata of the society wherein lack of awareness and poverty 
is rampant.  
 
We acknowledge the following limitations of our approach: 
Considering that the caregivers in the study were notably 
more literate as compared to a majority of rural population 
elsewhere,  findings  observed  here  may  not  be 
generalisable.  There  could  have  been  many  other 
environmental factors such as indoor air pollution, degree 
of overcrowding, among others, which could have an impact 
on  the  outcome,  which  was  not  specifically  looked  for. 
Owing to the small number of subjects in certain categories 
of  the  factors  studied,  a  wider  confidence  interval  was 
obtained for the risk estimates.   
 
Conclusion 
This study identifies low birth weight, interaction of short 
birth interval with more than two children in the family and 
illness in the past one month to be significant predictors of 
under-nutrition. A diet without milk or a diet with diluted 
milk  was  also  found  to  be  significantly  associated  with 
under-nutrition.  This  reiterates  the  need  for  appropriate 
and locally feasible awareness campaigns that alleviate food 
fads and promote birth spacing. 
 
 
References 
1.  World  Health  Organization,  Management  of  severe 
malnutrition:  a  manual  for  physicians  and  other  senior 
health workers. Geneva 1999. 
2.  Amsalu  S,  Tigabu  Z.  Risk  factors  for  severe  acute 
malnutrition in children under the age of 5: A case-control 
study.  Ethiopian  Journal  of  Developmental  Health 
2008;22:21-25.  
3.  Progress  for  children,  A  Report  Card  on  Nutrition, 
Number  4,  Unicef  (Online);  2006  May.  Available  from:  
http://www.unicef.org/media/files/PFC_Nutrition.pdf. 
[Accessed on 26.2.2011].  
4.  The  World  Bank  (Online).  Malnutrition:  prevalence, 
weight for age (% of children under 5), 2011. Available from: 
http://data.worldbank.org/indicator/SH.STA.MALN.ZS   
[Accessed on 04.09.2011]. 
5. Unicef India – The Children - Nutrition (Online). Available 
from:  http://www.unicef.org/india/children_2356.htm. 
[Accessed on 04.09.2011] 
6.  Sabu  KM,  Nair  NS,  Bairy  AR,  Roopalekha  J.  A  grading 
system  for  Reproductive  and  Child  Health  Indicators  in 
South  India.  Southeast  Asian  J  Trop  Med  Public  Health, 
2011; 42:417 - 23. 
7. Nutrition Subcommittee of Indian Academy of Pediatrics. 
Classification of Protein Calorie Malnutrition. Indian Pediatr, 
1972; 9: 360. 
8.  Pareek  U,  Trivedi  G.  Manual  of  socio  economic  status 
scale (rural). Delhi: Manasayan: 1980. 
9.  International  Institute  for  Population  Sciences  (IIPS), 
2010. District level household and facilities survey (DLHS – 
3), 2007 – 08: India, Mumbai: IIPS. 
10. Kikafunda JK, Walker AF, Collette D, Tumwine JK. Risk 
factors  for  early  childhood  malnutrition  in  Uganda. 
Pediatrics 1998;102-145.  
11. Owor M, Tumwine JK and Kikafunda JK. Socio-economic 
risk  factors  for  severe  PEM  among  children  in  Mulago 
hospital, Kampala.  East Afr Med J. 2000;77:471-75  
12.  Victora  CG,  Vaughan  JP,  Kirkwood  BR,  Martines  JC, 
Barcelos  LB.  Risk  factors  for  malnutrition  in  Brazilian 
children: Role of social and environmental variables. Bulletin 
of the WHO, 1986;64:299-309.   
13. Odunayo SI, Oyewole AO. Risk factors for malnutrition 
amongst  rural  Nigerian  children.  Asia  Pacific  Journal  of 
Clinical Nutrition, 2006;15:491-495.  
14. Jeyaseelan L, Lakshman M. Risk factors for malnutrition 
in south Indian children. J Biosoc Sci. 1997;29:93-100.  
15. Coulter JB, Omer MI, Suliman GI, Moody JB, Macfarlane 
SB, Hendriske RG. Protein-energy malnutrition in Northern  Australasian Medical Journal [AMJ 2012, 5, 3, 163-167] 
 
 
167 
Sudan:  prevalence,  socioeconomic  factors  and  family 
background. Ann Trop Paediatr,1988;8:96-102.  
16.  Radebe  BZ,  Brady  P,  Siziya  S,  Todd  H.  Maternal  risk 
factors for childhood malnutrition in the Mazowe district of 
Zimbabwe. Cent Afr J Med, 1996;42:240-244.  
17.  Haider  J,  Abate  G,  Kogi-Makau  W,  Sorensen  P.  Risk 
factors for child under-nutrition with a human rights edge in 
rural  villages  of  North  Wollo,  Ethiopia.  East  Afr  Med  J. 
2005;82:625-630. 
18.  Henry  FJ,  Briend  A,  Fauveau  V,  Huttly  SR,  Yunus  M, 
Chakraborthy J. Risk factors for clinical marasmus: a case-
control  study  of  Bangladesh  children.  Int  J  Epidemiol. 
1993;22:278-283.  
19.  Ighogboja  SI.  Some  factors  contributing  to  protein-
energy malnutrition in the middle belt of Nigeria. East Afr 
Med J. 1992;69:566-571.  
20. Vella V, Tomkins A, Borghesi GB, Mighori GB, Adriko BC, 
Crevatin E. Determinants of child nutrition in North West 
Uganda. Bull World Health Org, 1992;70:637-653  
21. Serventi M, Dal-Lago AM, Kimaro DN. Earl cessation of 
breast feeding as a major cause of severe malnutrition in 
under  twos:  a  tropical  based  study  in  Dodoma  region  in 
Tanzania. East Afr Med J, 1995;72:132-134  
22. Nandy S, Irving M, Subramanian SV, Smith GD. Poverty, 
child  under  nutrition  and  morbidity:  new  evidence  from 
India.  Bulletin  of  the  World  Health  Organization, 
2005;83:210-216 .  
23. Padmamohan JP, Khandeka, Raju. Low birth weight as a 
determinant  of  protein  energy  malnutrition  in  0-5  years 
omani  children  of  South  Batinah  region,  Oman.  Saudi 
Medical Journal, 2004;25:1091-1096. 
 
ACKNOWLEDGEMENTS 
We would like to acknowledge Krishna and Rosemary for 
their valuable contribution in the field work.  
 
PEER REVIEWED  
Not commissioned. Externally peer reviewed 
 
CONFLICTS OF INTEREST 
The authors declare that they have no conflicts of interest.  
FUNDING  
Nil 
 
ETHICS COMMITTEE APPROVAL 
The protocol and methodology of the study was approved 
by  Institutional  Ethics  Committee,  Kasturba  Hospital, 
Manipal, Manipal University: IEC 281/ 2011 
 